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COMPUTING INTERNAL COCKPIT REFLECTIONS OF EXTERNAL
POINT LIGHT SOURCES FOR THE MCDEL YAH-64 ADVANCED
ATTACK HELICOPTER (LOW GLARE CANOPY DESIGN)

INTRODUCTION

The US Army Human Engineering Laboratory (HEL) has developed a compt ‘er program for
computing internal cockpit reflections on the transparent canopy surfaces of external point light
sources. This work is part of a three-stage effort to determine optimum canopy designs for the
Model 209 AH-1S Cobra Helicopter and the Model YAH-64 Advanced Attack Helicopter (AAH).
This work was undertaken at the request of the Project Manager's Office, USA Aircraft
Survivability Equipment. The low glare canopy design presently used on both models consists of
flat, transparent panels on the front surfaces and simple cylindrical panels on the sides and top.
The design is a reasonable choice for reducing both solar glint to outside observers during
daytime operations and internal reflections of outside light sources during nighttime operations.

A flat plate canopy (FPC) design was originally developed for the Cobra and AAH to reduce
d_ayt!me solar glint to a momentary flash at certain observer-aircraft-sun angles. A moving
aircraft no longer produced the continual solar glint which was present on the earlier
compound-shaped canopy designs. The continual presence of solar glint had increased the range
of visual detection by ground observers.

However, in certain lighting situations during nighttime operations, the internal suriaces of
the FPC performzd as mirrors reflecting virtual images of external Ight sources that were visible
to the pilot. HEL has shown by computer analysis that these reflc .tions are possible on most of
the transparent surfaces and for a wide range of source locations (5). These virtual images of
ground-level lights were disorienting to the pilot and he could not easily discriminate between the
light sources on the ground and their reflections from the canopy surfaces. This problem was a
potential safety hazard during flight.

The present low glare canopy design was developed to reduce these two conflicting
problems to manageable levels. The design incorporates front planar transparent surfaces ‘.md
simple cylindrical surfaces for the sides and top, HEL recommended a similar design with,
however, novel features (6). The present work effort is directed toward a closer study of the two
problems of glint and reflections, and developing an optimum design for the canopy’s transparent

surfaces.

METHOD

A ray-tracing program was written to trace in three dimensions the straight-line rays frem
the nominal position of the pilot’s eye backwards to visible paints on the internal surfaces of the
cockpit. Each ray is traced between transparent surface points until a nontransparent surtace is
reached. These surfaces are assumed to be diffusive without specular reflectances and the ray is
considered absorbed. At each reflection point on a transparent surface, the reflectar :¢ and
transiintiance are computed along with the directional cosines of the corresponding tran.mitted
and reflected rays. In this way, a reflected ray reaching the pilot’s eye is traced backwards to all
possible external sources that can generate that ray,




The transparent surfaces of the low glare canopy design are specified as a set of planar and
cylindrical surfaces and their corresponding edge vertices. Each planar surface is specified by the
coordinates of its edge vertices and the consecutive order in which adjacent vertices are listed. A
cylindrical surface is specified by cylindrical parameters and the consecutive seauence of the edge
vertices and their coordinates. The cylindrical parameters are (1) origin point on the cylindrical
axis, (2) directional cosines of the axis, and (3) the radius of the cylinder. The edges of the
cylindrical surface are assumed for simplicity to be curvilinear lines which become straightened
when the cylinder is transformed into a flat plane.

Given directional cosines and an origin point of a straight-line ray, the program computes in
turn, the intersection point of the ray with each surface. The program tests the intersection point
against the surface edges. The reflection point for the ray is that intersection point which is
contained within the edges of the corresponding surface segment. The angle of incidence between
the surface normal and the ray at this point is computed along with the corresponding values of
reflectance and transmittance and the directional cosines of the transmitted and reflected rays.
Tracing backwards, the reflected ray becomes the incident ray for the next set of computations.
(See Appendix A for derivation of equations used in ray tracing on cylindrical surfaces and
Appendix A of reference 5 for ray tracing on planar surfaces and computation of transmittance
and reflectance values.)

The program includes internal and external obstructing surfaces and the internai blast
barrier of the YAH-64 between the pilot and copilot, as well as the transparent surfaces of the
canopy in the computation. The obstructing surfaces are those that either obstruct the pilot’s
vision or block incident rays from external sources. The internal surfaces are (1) the pilot’s seat,
display panel and side armor, (2) the copiiot’s seat, gunner-sight and side armor, and (3) the sides
and floor of the cockpit. The external surfaces are (1) aircraft nose section, (2) gun pods and
wheel wells, (3) wing stubs, (4) rocket pods, (5) engine intakes, and (6) rctary housing These
surfaces are specified as planar segments in the same manner as are the canopy surfaces. The
intersection computations are performed first for all obstructing surfaces and computation of a
reflection point for a ray on an obstructing surface renders the computation complete since the
backwards traced ray is considered absorbed.

The transparent blast barrier which separates the copilot and pilot, is treated first as a
reflecting surface and then as a transmitting surface for reflection points on surfaces beyond it.

This computation process is repeated for pilot-viewing directions indexed at equal
increments over a quarter sector. The sector is bounded by vision directly to the front, to the
side, top and bottom. In this way, a table is constructed which lists at discrete intervals all
possible internal reflection points and the corresponding external light directions. This approach
generates a large amount of data and a computer-graphics routine is included for output. The
primary reflection points and the corresponding incident ray entry points are shown on side, top
and front views of the canopy and on perspective drawings of the cockpit as seen from the pilot’s
position. Similar comments apply to computations for the cog lot’s position. (See Appendix B of
reference 5 for a discussion of perspective drawings.)




DISCUSSION

The results of this application are shoswn in Figures 1 through 19. The_se figures are hard
copies of the computer graphics output. Figure 1 shows side, top and fropt_ view : of the canopy
frame, blast barrier and obstructing surfaces. The pilot’s nominal eye position i shown in each
view. The blast barrier and obstructing surfaces are sketched in with broken lin+s The aircraft
fuselage and tail assembly are not included in this sketch,

Figure 2 shows side, top and front views of the canopy frame and blast barrier, ske.tuhed
with broken lines, separated from the obstructing surfaces. Figure 3 is a perspectivgdrawmg ot
the cockpit as seen from the pilot’s position. The pilot’s nominal viewing direction is shown by
the small cross near the top center of the upper front canopy surface. The drawing covers a
60-degree field of view and shows that the lower portions of the front and forward side canopy
surfaces are blocked from view by the pilot’s instrument panel.

The frame edges for the canopy sides are drawn as straight lines connecting adjacent corner
vertices. This is done for convenience in the computer graphics routines. The computations
assume that the frame edges for the cylindrical surfaces are curvilinear lines (see Method, page ?).

Figures 4 through 13 show " ¢=:2” for the entry positions of external rays generating
primary reflections on the right-hand side of the canopy for the pilot's position. Af:c Mcown are
the corresponding primary reflections spaced at two degrees by two degrees increments. The
number shown at each reflection point is equal to the negative value of tne logarithm (base 10) of
the light reflectance. The numbers are truncated to their integer values by dropping the
fractional parts. The numerical “‘zero” corresponds to those reflectances, which are greater than
0.1 in value. The nuraerical ““one’ corresponds to those values equal to or le.s than 0.1 but
greater than 0.01,

Figure 4 shows that entry points are possible over much of the lower front panel and the
side surfaces. Figure 5 shows that primary reflection points can occur on (1) the upper rear
corner of the front side panels, (2) the upper edge cf the rear side panels, and (3) the side edges
of the top panel. The front side panel reflections have reflectance values in the 0.1 to 1.0 range,
while those on the rear sides and top are in the 0.01 to 0.1 range.

Figures 6 and 7 are perspective drawings of the cockpit as seen from the pilot’s nominal
viewing position and direction. Figure 6 shows entry points on the lower front and front side
surfaces. Figure 7 shows primary reflections on the right-hand side of the canopy. Figure 8 shows
reflection points where the pilot has shifted his viewing direction 20 degrees to the right. (Note
that some reflection points are shown on the canopy frame. This is because the structure outline
is drawn as straight line members between the corner vertices instead of the curvilinear members
used in the computations. See Methods.)

Figures 9 through 13 show reflection points generated on one canopy surface by external
rays entering another surface. Figure 9 shows reflection points on the top surface generated by
entry points on the right rear side surface. Figure 10 shows refiections on the top surface
generated by entry points on the right forward side surface. Figure 11 shows reflections on the
right rear side due to entry points on the left rear side, Figure 12 shows reflections on the right
forward side due 1o entry points on the lower front surface. Finally, Figure 13 shows reflections
on the right rear side due to entry points on the left forward side.
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Figure 2. Top, side and front views of canopy frame.
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Figures 14 through 19 are similar drawings for the copilot’s position. Figure 14 shows “dots”
for the entry points of external rays generating primary reflections seen from the copilot’s
position. The figure shows that entry points occur on the forward side surfaces. Figure 15 shows
that the corresponding primary reflections occur on (1) the upper corner of the lower front
surface, (2) the upper edge of the forward side surfaces, and (3) the upper front surface. The
associated reflectance values range in value from 0.01 to 0.1, Figure 16 is a perspective drawing
of the cockpit from the copilot’s position. The drawing shows reflection points where the copilot
has shifted his viewing direction 45 degrees to the right.

Figures 17 through 19 show pairings between entry points and reflection points by canopy
surfaces, Figure 17 shows reflections on the upper front surface generated by entry points on
the right forward side surface. Figure 18 shows reflections on the lower front surface due to
entry points on the right forward side. Finally, Figure 19 shows reflections on the right forward
side due to entry points on the ieft forward side.

FYURTHER RESEARCH
The following additional analyses are to be conducted for further development:

1. Investigate the reflections generated during realistic nighttime lighting situations and
approach.scenarios,

2. Investigate the solar giint generated as a function of observer-aircraft-sun angles.

3. Investigate the use of optimization techniques to design an optimum configuration
for the transparent surfaces of the canopy to minimize both glint and glare reflections.

CONCLUSION

A computer program developed by HEL to show internal cockpit reflections of external
point light sources has been applied to the Model YAH-64 Advanced Attack Helicopter (low glare
canopy design). The results show that during nighttime operations, ground-light reflections are
possible on the transparent surfaces of the canopy. Reflections are possible from the top and side
canopy surfaces for the pilot and the front and forward side surfaces for the copilot. The results
are an improvement over the flat plate canopy design since reflections are limited to certain
portions of these surfaces. Where reflections actually occur depend upon the particular lighting
situation and flight scenario.
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Figure 16. Perspective view of primary reflection points for the copilot’s
viewing 45-degrees to the right side.
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APPENDIX A

INTERNAL REFLECTIONS FROM CYLINDRICAL SURFACES

The ray-tracing techniques used in the computation are those of Appendix A, reference 5
with appropriate augmentation for computing the intersection of a straight-line ray with a
cylindrical surface. As in reference 5, coordinates are measured in a cartesian coordinate system
(x,y,z) with the y-axis along the longitudinal axis of the aircraft, the z-axis directed into the
canopy top and the x-axis orthogonal to the other two axes.

A straight-line ray is specified by an origin point (xs,ys,zs) and its directional cosines
(ag,bg,cs). We wish to compute the intersection point of this ray with a cylinder and determine if
the intersection point is enclosed by the edges of a surface on the cylinder. A cylinder is specified
by three parameters (1) an origin point, Py (x,y,,2,) on the cylindrical axis, (2) directional
cosines (aq,b,,c,) for the axis, and (3) its radius, re. A cylindrical surface, then, is specified by
these cylmdrlcal parameters and a consecutive sequence of N adjacent corner vertices (P
(x j,y’,zl) j = 1,N) on the cylinder and their coordinates in the rectangular space.

(1) Intersection of a straight-line ray with a cylinder

The intersection point of a line with the surface of a cylinder may be computed given
the origin (xgye2g) and directional cosines (ag)bg,c) of the line, and the origin (x,,Y4,2,) and
directional cosines (ao,bo,co) of the cylinder's axis and the radius, re» Of the cylinder. Note that
the coordinates of the intersection point, P, (xi»Yi’zi) , are given by

Xj=Xg*ag" Ry,
yi=ys+bs. RS’ (1)
zij=zg% ¢ " R,

where R is the length along the line between its origin and the intersection point.

Consider now another line from the intersection point, P; orthrogonal to the
cylindrical axis. The dot product of the unit vectors must be equal to zero; le

ag * (Xjxc) + by (y;y )+ ¢g (zz.) =0, (2)

where the point, P. (x.,y.,z.) is at the intersection of the axis and this line. Note that the
coordinates of this point are given by
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Xc=Xgt a5R

Ye= Yo T boRo: (3)
2. =25t c R,

where R, is the distance along the cylindrical axis between the points P, and P.

Substituting equations (1) and (3) into equation (2), we obtain a relationship between
the two distances,

where
a =ayag+bybg+coc, and
B =a5(xg=Xo) * bo(Ys—Yo) + Col25—20)-
Note that the parameter ¢ equals the dot product of the unit vectors for the straight-iine ray and
3 . 3 -—_’
the cylindrical axis. The parameter 8 equals the length of the projection of the line P(P onto the

cylindrical axis.

The line ﬁﬁc connects a point on the surface of the cylinder and one on the axis. Since
it is orthogonal to the axis, its iength equals the radius of the cylinder and

rc2= ("i"‘c)Q+ (yi'yc)2+ (Zi'zc)2 )

Substituting equations (1), (3) and (4) into equation (5) produces the quadratic expression
a: R52 +2bR + ¢ -rc2 =0, (6)
where a = a4 24 a22 + a32,

b= a1b1 + 32b2 + a3b3,

c= b]z + b22+ b32,
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and a1 T adg— A,
by =xo = Xs ¥ Ba,
ap= abo - bs,
by =yo - Y5+ Fby,
a3 =aCy— Cg
by =2,"-z5+ Bc,,.
Solving equation (6) leads to

Reifoefteedaa ] "

where the sign of the square root is determined by the restriction that R be larger or equal to
zero, R¢2 0. Using equation (7) in equation (1) leads to the coordinates of the intersection point

Py

(2) Determine if the intersection point is enclosed by the edges of a cylindrical surface.

The technigues of section (5), Appendix A, reference 5, can be used to determine if
the intersection point of a ray is within a convex planar figure with straight edges. A
transformation of the surface of the cylinder into a plane will allow the application of these
techniques. We assume that the curvilinear edges are so designed that they transform into straight
lines (see Reference 1).

An appropriate transformation is ohe that will change the cartesian coordinates of a
point into coordinates of a cylindrical coordinate system (Z,En). A suitable cylindrical system
could be defined as follows. The & coordinate is the distance along the cylindrical axis measured
from the origin point, P,,. Positive values would be in the direction of the axial unit vector. The §
coordinate is the distance along the cylindrical surface measured in a plane normal to the
cylindrical axis. The distance is measured from a reference plane containing the cylindrical axis
and a predefined reference vector. Positive values would be counterclockwise displacements as
seen facing the axial unit vector for a right-handed coordinate system. The n coordinate is the
distance above or below the cylindrical surface measured along a normal to the surface. Positive
values are above the surface away from the cylindrical axis.
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We may compute the cylindrical coordinates & ,ENn) of a point P from the rectangular
coordinates (x,y,z) by first constructing a line from the point P orthogonal to the cylindrical axis.
The rectangular coordinates (x cYcZ ) of the point P, at the intersection of the two lines are
given by equation (3) in section (1) above The dot product of the unit vectors for the two lines
is equal to zero and the distance R along the axis between the origin, P, and the corresponding
intersection point is:

R = 2g(x=Xo) + bo(y=y,) * colz-24). (8)
—_—>
The distance, R, of the line P P is given by
= {(x—x0)2 + (y-yo)? + (z-2,) 2} (9)

where equation (8) is substituted in equation (3) for the coordinates (x,y..z.). The directional
cosines of the line are given by:

ac = (X-‘Xc)/R,
bc = (Y"YC)/R, (1 0)
= (Z—Zc)/Rp

We next construct a reference vector for the cylindrical coordinate system as follows,
Let the vector be normal to the cylindrical axis and in a vertical direction. The z-coc rdinate of
the point P is greater than zero, z,> 0, and we consider the truncated point, P (x( ¥ o,0), from
which a Ilne is constructed orthogonal to the cylindrical axis. Let the line and ax:> intercept at
the point P, (xb,yb,zb) Then the distance along the axis from P ic Pp is Ry = - ¢4z, as given
by equation (8). The coordinates of point P, are

Xp = X0~ 3020

Yb = Yo~ PotoZo

zy, = (1- c02)zo,

—
as given by equation (3). Also, the length of the line PO]Pb isR= zo\h—co2 from equation (9).
Use was made of the fact that the sum of the squares of a set of directional cosiges is equal to
unity; i.e., ao2 + b02 + co2 = 1. And finally, the directional cosines of the line P oFb are given by
equation (10) as

ap T a.c
R =2 , and ¢p = Vi 2
1-¢ 2 R °
o
(11)
br = =byCo
1—c02
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These are the directional cosines of the reference vector contained in the reference piane for the

cylindrical coordinate, .

We construct a vector with directional cosines (an,b ,cp) normal to the reference plane

from the cross product of the axial unit vector and the reference vector; i.e.,

ap = boCR-bRCo
bp = ——(aocR—aRco). (12)
Cp = aobR—aRbo.

This vector at the cylindrical surface is in the direction of decreasing values of the &-coordinate.

—

We let_the angle ¥ be the angular displacement of the line PP from the reference
plane. The line P.P is contructed from the point P and is orthogonal to the cylindrical axis. The
angle ‘1‘0 is measured in a plane normal to the axis. It is equal to the arccosine of the dot product
of the unit vextors of the line P and the reference vector; i.e.

¥, = arccosine (ag "2+ bR - b+ cg " <) (13)

—>
Note that the dot product of the unit vectors for the line P P and the reference plane normal,
i.e.,

Q=ac- a,+be by *cccp (14)
has the same sign as does the angle. That is, if Q.0, then ¥, <0, and if Q> 0, then y,> 0.

The cylindrical coordinates of the point P are determined as follows, The g-coordinate
is the distance along the cylindrical surface, measured in a plane normal to the cylindrical axis,
from the reference plane to the line P.P. The distance is given by

{ = \‘/0 . rc (15)

. . _$ .
where Y, is the angular separation of the PP given by equations (13) and (14). The £ -coordinate
is the distance along the axis from ihe origin, P, to the point, Pc, i.e.,

g = RO (16)

where R, is given by equation (8). Finally, th_e_grcoordinate is the distance of the point P above
or below the cylindrical surface along the line P P, i.e.,
n =R-r. (17)

where R is given by equation (9).
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We may use the techniques of section (5), Appendix A, reference 5 by first applying
the transformations of equations (15), (16) and (17) to be points of interest. These are (1) the
ray origin, P, (2) the intersection point, P; of the ray with the cylinder, and (3) the corner
vertices of the cylindrical surface, (Pi,j=1 ,N).

(3) Computing transmitted and reflected rays

The reflected and transmitted ray components and their associated values of
transmittance and reflectance can be computed using the techniques of section (6), Appendix A,
reference 5. The transparent surfaces of the canopy are assumed to have infinitesimal thickness.
All internally refracted rays leave at the same surface point as does the initially transmitted ray,
and this point is the same as that at which the incident ray reaches the surface (see references 2
and 3.)

The angle of incidence, ©, between the incident ray and the surface normal is
determined by the dot product of the unit vectors; i.e.,

8, = arccosine (a5 a, + b by +c. ¢y, (18)

where agbg,co are the directional cosines of the incident ray, and ap,bp,c,y are those of the
surface normal.

The normal to the cylindrical surface is measured at the intersection point, P;, of the
incident ray. The normal is directed into the cockpit volume by convention. It is along the line

oE

iP . of section (1 ), and its directional cosines are given by:

ap = (xg—x;Mr,

b = (ye=yill res (19)
Ch = (zc—z;)/r.

Note that the coordinates x,y,z. of the point P are given by equation (3) while those x;,y;,z;
of P; are given by equation (1).
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APPENDIX B

COMPUTER PROGRAM

The computer program is programmed for a disk-based batch-operating system in
FORTRAN 1V language (see references 4 and 7). The program is as listed in Appendix C,
reference 5, except for a few additions. A short list of additional subroutines follows. The
program is attached.

1. CALC—Controls the computation of the reflection point for an incident ray and stores
the calculations on file, if any. Called by CONTL.

2. INTCY—Computes the intersection point of an incident ray with a cylinder and tests the
point for enclosure within a cylindrical surface. Called by CALC.

3. TRSCY—Transforms rectangular coordinates into cylindrical coordinates. Called by
INTCY.

4, PREC—Draws perspective of cockpit as a function of viewing angles, and shows entry and
primary reflection points. Called alone.

5. DRWCT—Draws distribution of points on all surfaces. Called alone.

' DRWCP—Draws side, top and front views of canopy and entry and primary reflection
points. Draws pairing of entry and reflection points by surface. Called alone.

6. DRWCF—Draws sides, top and front views of canopy. Called by DRWCT and DRWCP.

33




INEWJCRIMCAAH)

7IGB(MCAAK)

JCREATE(FINKAH)

/FORT

C MAINLINE, RAY TRACING FOR PILCT

C 3 DIMENSIONAL FLAT/CYLINDRICAL CANOPY WITH OBSTRUCTICAS
SUBRCLYINE CCNTL
COMMCN/FCRG/LFG
COMMON/GAREA/IDFIL(6CCO)
COMMON/ANG/ANNBNN
CATA ANNsBNN/95.5904/
CALL GETDEVILUN,'FINKAH',10)
CALL GETCEV(LFGy'FORGRA'y~1)
CALL CAND
CALL CANLI(LLN)
CALL CANY
CALL DEVTILLN,C,0)
RETLRN
ENC

/FORY

c

EY

L

R

C
C CCNTROLS INPLT CF DATA
SUBRCLTINE CANC
DIFPENSION AN(2)
CATA AN/2b+YS42HNO/
WRIVE(1ySS8)
998 FORMAT(2X,'CANCPY DATA ON FILES (YS OR NO)Y)
REAC(1.1CC1)A
IF(A.EQ.AN(1)) GO TC 1
CALL READV
CALL NORML
GC ¥C 2
1 CONTINUE
CALL READF
2 CCNTINUE
RRITE(1,1CCC)
10G0 FORMAT(2X,*PRINTOLY CANOPY DATAS (YS OR NO}*)
READ(1,1CC1)A
1CC1 FORMAT(1A2)
IF(ALEQ.AN(L)) CALL TELTY
WRITE(L,1€C2)
10C2 FORMAT(2X,'CISPLAY CANOPY CONFIGURATIONS (YS OR NO)*)
REAC(1,1CC1)A
IF(A.EQ.ANL2)) GO Y0 3
CALL ORWCA
WRITE(1,1€03)
1003 FORMAT(2X,*HARC CCPYS (YS OR NO)*)
READ(1,1CC1)A
IF(ALEQ.AN(2)) GO TC 3
WRIVE(1,1C04)
10C4 FCRMAT(2Xy*PRINTERy TURN CM*)
PALSE
CALL GS3:i(l)
PALSE
3 CONTINUE
CALL GHLY
WRITE(141CCE)
10C5 FORMAT(2X,*'CISPLAY PERPECTIVES (YS OR NO)*)
REAC(1,1CC1)a

e
£

Siooep s
et
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IF(A.EQ.AN(2)) GO TC 4
CALL PERP(C)
WRITE(1,1CC2)
READ(141CC1)A
IF(A.EQ.AN(2))GCTC 4
CALL G6S31(1)

PALSE
4 CCNTINUE

CALL GHLT
RETLRN
ENC

/FORT

c

C

C CCNTROLS CALCLLATICN CF REFLECTION POINTS
SUBRCUTINE CANL(LLN}
COMMON/CAN/NT oNB o AC o NP ¢NAGAD oAV I100),PXVIL00,8),FYV(100,8),PZV{100
Q.8)
CIMENSICN AN(2)
CATA AN/2HYS42HND/
CATA AI1,A12/244247
CALL SEEK(LULN,C)
REACI(LUNINVH
WRITE(1,556)
999 FORMATI2Xy*CCMPLTE PRIMARY REFLECTION POINTSS (YS OR NO)*)
READ(141CC1)A
10C1 FCRMATI1A2)
IF(A.EQ.AN(2)) GO TC 3CO
NviL=(
CALL SEFK(LLN NVW)
WRITE(LUNINVLL

C INDEX PILCT VIEWING DIRECTION
C Al ELEVATION, ANGLE FROM 2 AXIS TCWARD X AXIS IN X Z PLANE
C A2 AZIMUTHe ANGLE FROM X 2 PLANE TOWARC Y AXIS
C Z AXIS TOWARD LPWARD, X AXIS TOWARC LEFT FACING FRONT OF CANOPY ANC Y AXIS
C TCWARD RACK OF CANCPY ALONG LONGITULCINAL AXIS OF AIRCRAFT
.l'CQ
10 A2=A]2

11 A2=A2-A12
IF(A2.,GE,=9C.) GO TO 15
Al=AleAll
IF(AL.GT.18C.) GO TC 259
WRITE(1,565)1A1

995 FORMAT{2X4F1Ce4)
GC 10 10

15 CONTINUE
1§20
CALL CALC(AL A2,IS,LUN/NVLL)
IF(ISEQ.NAICALL CALC(AL 1A24NA,LUNyAVLLY
60 1C¢ 11

269 CCNTINUE
CALL SEEK(LLNoAVW)
RRITELLUNINVLL

3CC CONTINLE
RETLRN
ENC

/FCRT
C

C
C CCNTROLS CUTPLT CF CALCLLATIONS
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SUBRCLTINE CANT
CIMENSICN AN(2)
CATA AN/2BYS,,2HNO/
WRITE(L1,:.0C6)
1C0€& FORMAT(2X,)*PERPECTIVE"/2X,'RAY ENTRENCE POINTS*/2X,'RIGHT HAND SIB
QE CCCKPIT (YS CR NQ)?)
REAC(1,1CC11}A
10C1 FORMAT(1A2)
IF(ALEQ.M{2)) GO TC 40
CALL PERP(1)
WRITE{1l,1CC2)
1CC3 FORMAT(2X,*HARC CCPY+ (YS OR NO)*)
READ(1,1CC1)A
IF(AEQ.AN(2))GCTC 40
CALL GS31(1)
PALSE
4C CONTINUE
CALL GHLT
WRITE(i,1CC7)
1C07 FORMAT(2X,*PERPECTIVE'/2Xs*PRIVMARY REFLECTIONSS')
READ(1,1CC1)A
IF(ALEQ.AN(2)) GO TC 41
CALL PERP(2)
WRITE(1,1CC3)
READ(1,1CC1)A
IF(ALEQ.AN(2))GOTC 41
CALL GS231(1)
PALSE
41 CONTINUE
CALL GHLTY
RETLRN
ENC
JFORT
C
C
C PRIMARY REFLECTICN CONLY, SURFACE MK TRANSMITTER ONLY
SUBRCLTINE CALC (ALl ,A2¢NKyLLAGAVLL)
COMMON/CAN/NT JNBoNCyNPyNAJND,AV(200),PXV{100,8),FYV(100,8),PZV(1C0
Q,8)
COMMCN/PILOT/XC4YCH20
COMMON/LINE/AS+BSoCSyXSyYSs2S9AC,8C,CC
CATA Pl1/3.14159/
AlM=ALl*P1/18C,
A2M=A2%P1/]8C,
ASsCOSUA2M)I®SIN(ALM)
BS=SIN(A2VM)
CS=sCOS(A2F)*COS(ALM)
R=1.
XSsx0
YSsYQ
21S8=2¢
IPUN=C
INK=C
18 CONTINUE
CO0 2C IS=1,ANC
IF{IS.EQ.INKIGCTO 2¢C
I1Sk=C
IF(IS.LESNAICALL INTEC{ISK ISsXRyYR,ZR}
IF(ISeGTNAICALL INTCY(ISKH,IS,XRyYR4ZR)
IF(ISK.GT.C)GOTC 25
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2C CONTINUE
RETURN

25 CCANTINUE
IF(ISALENCIRETLRA
CALL COMP(ANGRTHTT)
TsTT#R
RaRT*R
IFLISCEQ.NKIGCTO 40
IPUN=IPUN+]
Al=~AS
gl2-8S
Cls-CS
RX=AS®AC4RS*BC+CS#CC
AR=~AS+2.3RX*AC
BR2-BS+2.,9RX#8C
CRz-CS+2.*RX*CC
IF(IPUN,EQ.2)GCT0 3C
IF(RLTe«CCCCLIRETLRN
1PP=1S
ASP=2AS
BSP=8BS
€SPaCS
XPshR
YP=YR
IP=2IR
AlP=Al
alp=Bl
cie=Ct
ARP=AR
BRP3BR
GCRPsCR
ASs<AR
gSs-BR
£Ss=CR
XS=XR
vS=YR
18=IR
Gt 10 L8

30 CONTINUE
IF(TelTeeCCCCLIRETLRN
NVLLaNVLLe]

h&ITE(LUN)Alo‘ZoASPoESPQCSP'!FP'XP'YP'IPQ‘lPoEIPQCIP"RP'ERP'CRP'
GRy.ISeXRe YR ZR oAl19B1,CT AR +BRLCR,T

WRITE(341CCCIAL,A2ASP

.BSP.CSF.IPP.XP'YPoZP'llP,EquClP.ARP'BRP.CR

vaavlS'XRoVR'ZR'AloaivC!v‘RoERtCR!'

10CC FORMAT(2X,2{FT.202X)/

4C CONTINLE
INK=NK
GO 1C 18
ENC
/FCRT
C

c
C REAC IN SURFACE VERTICES
SUBRQUTINE REACV

2Xo3(FT.G.ZX)IZ((2!.!2.3(2X'F6.2ly?(ZX'F7.41l

NA.hD,hV(lOO).PXV(lOOoG)oFYV(lOOvG):PlV(lOO

COMMON/ZCAN/NT KB 4AC o APy

Qe
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COMMON/VERT/XVI2CC) yYV(2CC) 4ZV(200) 4AVR(100,8)
COMMON/CYL/NCY4NSC(10) yNSP(10,10)4XC(10),YC(10),2C(10),AE(10),BE(]
QC)CE(10),4RC(1C)
COMMON/PILCT/XC,YCy20
READ(241CCC)
1CCO FORMAT()
READ(2¢1CC1INToNBsNCyNPyNAJND
1CC1 FORMAT(/6(2x,13))
READ(241CCC)
READ(241CC2) (NV(I),I=1,4ND)
10C2 FORMATI1E(2X,13))
READ(2,1CCC)
CO 1C J=1,¢8
READ(291CC2)INVR(I4J)41=14ND)
10 CONTINUE
REAC(2,1CCC)
READ(241CCAN(XV(I) I31,NT)
1CC3 FORMAT(8(2X4FT.4))
READ(2,1CCC)
READ(241CC3)(YV(I)oI=]l,NT)
READ(2,1CCC)
READ(241CC3)UZV(I)oI=1,NT)
READ{241CCC)
READ(241CC2INCY
READ(241CC2) (NSC(I) oIl yNCY)
CO0 20 I=14NCY
KP=NSC(1)
20 READ(2,1CC2) (NSP(T1¢K) K=l KP)
READ(291C04) (XCUIDoYC(I) 4ZCUI) ¢AE(T)4BECT)4CE(TI)yRCLIDoI=1,4NCY)
1004 FORMAT(T(2XFTe4))

READ(241CCC)
REAC(2,1CC3)x0,v0,20
RETURN
ENC

/FORY

C

c

C

C ESTABLISH SURFACE NORMAL FROR EACH PLATE SURFACE
C SURFACE NORMALS DIRECTED TOWARD COCKPIT INTERIOR

SUBROUTINE NCRML
CO?"ONICANiN"NBoNCQNPoNthDth(IOO)QPXV(IOOQO)'FYV(IOOva"PZV(IOO
Q. 8)
COMMON/VERT/XV{20C) s YV(200),2V(200) ,AVR(100,8)
COMMON/NORM/AXNELCO) JAYN(LCO) JAZN(L00)
COPMQN/CYL/NCYNSC(10) yNSP(10410)o%XCE10),YC(10)¢2C(10),AE(20),BE(}
QC)YHCELL1C) 4RC(1C)

COMMON/PILOT/XC,yYC,o20

NVh=(

CALL GETOEVI(LUN,*FINKAH',10)

CALL SEEK(LLN,C)

WRITE(LUNINVM

WRITECLUNINT NBNCyNPyNA,ND

00 10 I=_,ND

NKaNV(I)

WRITE(LUNINK

CO § K=1,NK

KVsNVYR{I,K)

PRV IK)=XV(KYV)

PYV(IoK)=YV(KY)
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PZVI1,4K)=2V(KV)
WRITE(LUNIPXV(T 4K) 9PYVII 1K) 4PZV(I4K)
S CONTINUE
K=z
7 AL=PXV(I,K)=PXV(I,1)
A2zPXV(I,K41)=PXV(I,1)
BlsPYV(ILK)=PYV(I,1)
B2=PYV(I4K+1)=PYV({I,1)
Cl=PZV(I,K)=PZV(l,1)
C22PZVII4K41)=PZV(I,1)
Pl=SQRT(A1#32+B1%%2+4C1%%2)
P2=SQRT(AZ##2+B2%%2+4C24%2)
Aa(AL#A2+B12824C12C2)/(P1#*P2)
IF(ABStA).LT.1.) GO YO 9
K=K+l
IF(K.EQ.NK) GC TO 10
60 70 7
S AN=ACCS(A)
Rz1./7(P1*#P2#SIN(AN))
AXN(I)=+(81%C2-C1*B2)*R
AYN(1)==(A1#C2-C1#A2)*R
AZN(1)=+(A1%82-A2*Bl)*R
WRITECLUNIAXNCI ) JAYNIT) AZN(T)
10 CONTINUE
WRITE(LUNINCY INSC(T1)ol=14NCY)
CO 20 I=1,NCY
KPaNSC(I)
2C WRITE(LUN)IINSP(I,K)oKalyKP)
WRITE(LUNI(XCOII o YCUI)oZCUI) 4AECT)4BE(TY4CELTL)4RC(T)1=]1yNCY)
WRITE(LULNIXC,YC,y2C
NVW=NEXREC (LLN)
CALL SEEK(LLN,+C)
WRITE(LUNINVE
CALL DEVT(LLN,C,0)
RETURN
ENC
/FORT
c
c
C REAC FILE FOR CANQPY CATA
SUBROUTINE REACF
COMMON/CAN/NT 4NByNC ¢NPyNAJND¢AV(100) 4PXV(100+8),PYV(100,8),P2V(100
Q,€)
COMMCN/NCRM/7AXN{1CO) ,AYN(1CO),AZN(100}
COMMON/CYL/NCYoNSC(L10) 4NSP(10+10)9XC(10D,YC(10),ZC(10)4AE(10),BE(]
QC)4CE(LC)RCILC)
COMMON/PILCT/XC,YCy20
CALL GETDEVILUN,'FINKAH',410)
CALL SEEK(LLA,C)
READ(LUNINVW
READC(LUNINT oNBoNC o NP ¢NAND
GO 1C I=14NO

READ(LUN)IKK
NV{I)aNK
D0 5 Kzl,NK
READ(LUNIPXVII oK) 4PYVII oK) 4F2ZV(I oK)
" 5 CONTINUE
% READILUN)IAXN(T) JAYN. I),A2N(T)
10 CONTINUE
§ READ(LUNINCY (NSC(I),1=1,ACY)
. 39




2C

/FORTY
c
c
C PRIl

998
1GCO
966
997

995
1001
L
10C2

1C
$94

20

993

£C 2C I=14NCY

KP=NSC(T)

REACILUN)IINSP(1,K) 9K=1,KP)

READCLUN) (XC(I)oYC(I)gZC(I)4AECT) yBECT)4CECTI)4RC(I)yI=14NCY)
REACILUN)IXC,Y0,420

CALL DEVT(LUAN,C,0)

RETLRN

ENC

NTOUT OF CANGPY DATA FOR REVIEMW

SUBRCUTINE TELTY

COMMCON/CAN/NT oNByNC o NP ¢NAGND 9NV (100) 4PXV(100,8),FYV(100,8),PZV{100
Q.8)
COMMON/VERT/XV(20C) 4YV(20C) 42V (200) yNVR(100,8)
COMNCN/NORM/AXN(LCO) 4AYN(1CO) 4AZN(100)
COMMON/CYL/NCY4NSC(L10) yNSP(10,10)4XC1102,YC(10),2C(10),AE(1C),BE(]
QC)HCE(LC),RC(1C)

COMMCN/PILCT/XC,YC,20

WRITE(1,598)

FORMAT(2Xy "PRINTER,y, TURN CA'")

PALSE

WRITE(3)1COCINT)NBoNCoNPyNALNC
FORMAT(18(2X,12))

FORMAT()

WRITE(3,997)

FORMAT(/2X5*VERTEX POSITICN CATAY)
WRITE(3L1CCLIIXV(I) 121 ,NT)

WRITE(3,996)

WRITE(3,:iCO)LYVII) o InlyNT)

WRITE(3,666)

WRITE(3,1COLI(ZVII)I=Ll,NT)

WRITE(3,596)
WRITE(391CCCICINVR(L yJ) o121 4AC),J=1,8)
WRITE(3,566)

€0 10 I=3i,4ND

KNaNV(I])

WRITE(39G6S5)1 4KN
FORMAT(/2Xy*SURFACE'yI3,'NOs VERTICES®,13)
€0 5 K=1,KN
RRITE(351CCLIPXVIT oK) gPYVL] oK) oPZV(I4K)
FORMAT(2X93(FT7.2,52X))

CONTINUE

WRITE(391C02)AXNCI) JAYNITI) JAZN(])
FORMAT(T(2XyF1lCs4))

CONTINUE

WRITE(34564)

FORMAT(/2X,*CYLINDRICAL DATA')
WRITE(3,.COCINCY

WRITE(3,1CCCHINSC(I), I=1,ACY)

€O 2C I3l,MCY

KP=NSCLI)

WRITE{341CCCIINSP (]I 4K) K=1,KP)
WRITE(I9LCC2IUIXCIID g YCUI) yZC (1) 4AE(L) 4BE(I)LCE(IDIRCLI)oI=1,NCY)
WRITE(3,593)

FORMATI/2X,*PILCT POSITION?)
WRITE(3,1CC2)xC,YC,420

RETURN

ENC
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/FORT
c
C
C DETERMINES IF RAY STRIKES CONVEX SURFACE
SUBRCLTINE INTEC(ISK,ISsXRyeYRyZR)
CCMMCN/CAN/NT yAB4yNC oNP4NAJANDyAV{100) 4PXV(100,+8),FYV(100,8),P2ZV(1C0
Q,8)
COMMON/NGRM/AXN(21C0) AYN(1CO) 4AZN(100)
COMMON/LINE/ASBSyCSeXSeY¥S92S+AC,BC,LCC
CK=AXN(IS)®AS+AYN(IS)SBS+AZN(IS)*CS
IF(CKeGE.Ce) RETURN
C RAY STRIKES SLRFACE IN OLTWARC DIRECTION
I=]
IF(XSeEQePXV(ISyI)eANDeYSeECPYVIISoI)eANCLZSeECPZVIISoIN)I=]2])
SE(AXNCIS)®(PXV(ISoI)=XS)EAYNCIS)I*®(PYV(IS,I)=YS)4AZN(IS)I*(PZV(IS,]
C)1=2S))/CK
XR=AS*S4+XS
YR=BSHS+YS
ZR=CS*S+728
AlsPXV(ISe1l)=-XS
Bl=PYV(ISs1)-YS
ClsPZVIIS,41)-25
Pl=XR=XS
P2aYR=YS
P3zIR-1S
INaNV(ES)
€O 1C I=31,IN
ICsl+]
IF(I.EQ.IN) IC=]
A23PXV(IS,IC)=XS
B2sPYV{IS,1C)=YS
C2aPZVIIS,IC)=2S
Q=P1%(B1%C2-824C1l)=P2%(A1*C2-CLl*A2)4P3I8(ALVR2-B]19%42)
IF(Q.GT.Ce )RETLRN
C RAY STRIKES SLRFACE ON ENCLOSED SICE OF SURFACE ECGE
Al=A2
elsf2
ClaC2
10 CONTINUE
C RAY STRIKES ENCLCSED SURFACE
1SK=1
ACsAXN(IS)
BC=AYN(IS)
CC=AINILIS)
RETLRN
ENC
/FORTY
c

C
C CCMPLTES INTEZRSECTICN PCINY OF LINE WITH CYLINCER

SUBRGCLTINE INTCY(ISK,ISyXRyYR,yZR)

COFMMON/ZCAN/NT oAB o NCoANPoNAJNCyAV(100),PXV{100,8),PYV(100,8),P2ZV(100

Qe8)

CCMMON/LINE/ASBS,CSeXSyY¥S92598C,8C,CC

COMMON/GCYL/NCY o NSCH{L10) yNSF({10,10)4XC(20),YC{10),2C(10)yAE(10),BE(]

CCIyCE(LC)RC(LC)

COMMCN/PILCT/XPyYP 2P
C CETERMINE CYLINDERICAL SURFACE WHICK CONVEX SURFACE IS A PART OF

CC 2 I=1,NC¥

KP=NSC(1)
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€O 2 K=1,kP
IF(NSP(I,K).EQ.IS)IGCTO 5

2 CONTINUE
RETURN

5 CCNTINUE

C CETERMINE INTERSECTION POINT
XC=xC(I)
YC2YC(I)
10=s2C(1)
RC=RC(I)
AQ=zAE(]) -
BC=BE(I)
CO=CE(I)
ROS=SQRT((XS=XC)*#24{YS=Y0) #4224 (2S-20)%%2)
ACC=(XS=XC)/RQS
BCC=tYS-YC)/ROS
CCC=(2S-2C) /RCS
A=AQ*AS+BC*BS+CO*CS
BaRCS*{AQSACC+BCxR00+CO%*CCO)
AlzAS=A*AC
A2:RS=-A%R(
A3=CS=~A*C(
B1=ACC*R(CS-B*A0
82sROC*ROS=-*BC
B32COQ0*RCS-B*CC
AzpAl¥824A2%224A3%42
B=Al*Bl4A2%82+A3%183
CaBl3%24B2%524B3%%2
ABz-B/A
B8z { SQRT(B*#2=A%({C=RO*%*2)))/A
RS=AB~-BB
IF(RS.LT.C.)RS=ABBB
XR=XS+AS*RS
YRaYS¢RS*RS
IR3ZS4CSHRS
ResRS*(AQSAS+BO*BS+CO*CS)+ROS* (AO*AQ0+B0%BO0+CO*CCO)
X1sX0¢A0*R
Y1zYC+RC*R
I1320+CO*R
AC=({X1-XR)/RC
BC={Y1=-YR)/RC
CC={21-2R)/RC
C OETERMINES WHETHER RAY STRIKES ENCLOSEC SURFACE

XSSaXp
YSE=VYP
188=1°P
CALL TRSCY(I4XSS,VS5428S)
XRR=XR
YRR=YR
IRR=2R
CALL TRSCY(I,XRR,YRRyZRR)
PlsXRR=-XSS
P2sYRR=-YSS
P3slRR=~2SS
X1zPXV(1S,1)
Y1lzPYV(1S,1)
L1zP2V{IS,1)
CALL TRSCY(I,4x1,Y1,21)
Al=X]1-~XSS
BlsYl-YSS
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Cl1=21-1SS
IN=RV(LS)
0C 1C II=1,IN
IC=11+]
IF(IIEQ.IN)YIC=]
X23PXV(IS,IC)
Y2=PYV(IS,IC)
12=PIV(1S,IC)
CALL TRSCY(I,X2,Y2,422)
A23X2-XSS
B23Y2-YSS
C2=s22-1S$
QaP1*(B1%C2-B2%C1)-P2%(A1%C2=-C1%A2)+P38(AL12P2-B1%22)
IF{QeGToCo)RETLRN
C RAY STRIKES SULRFACE ON ENCLOSED SICE OF SURFACE ECGE
Al=AZ
Bl=Re
ClsC2
1C CONTINLE
C RAY STRIKES ENCLCSED SURFACE

I1SK=1
RETLRN
END

/FORT

C

C

C CCNVERTS COCRCINATES IN CLINDRICAL COORCINATES INTO RECTANGULAR SPACE

SUBROLTINE TRSCY(IoXRyYR,ZR)

COMMON/CYL/NCY NSC(L0) ¢NSF(10,10)4XC(10),YC(10),2CL10)oAE(10),BE(L
QC)HCE(LNIRC(1C)

CN=2SQRTI(1.~CE(I)%%2)

AN=<-AE(I)*CE(]1)/CN

BN=~BE(L)*CE(I)/CN

AP=RE(I)SCN-BN*CELI])

8P2=(AE(I)SCN-AN*CE(]))

CP=AE(])*BN=-ANSBE(])
RO=AE(IIS(XR=XCUI))I+BE(I)I*(YR=YC(I)I+CE(I)*(ZR=-2C(1))
XXsXC(I)+AE(I)®RO

YYsYC(I)+3E(1)*RO

L1=ICC1)+CE(])*RO
ReSQRT((XR=XX)#%24 (YR=YY) %424 {IR~72)%%2)

AAx (XR=-XX}/R

B8=(YR=YY) /R

CCs(ZR-ZLZ)/R

ASANSAACRNSRB+CN*CC

IF(A.GTsle)A=1,

IF(A.LT.-1,)A2=],

ANG=ACOS(A)

Q=APSAA+BPH*EB+CP*C(C

IFIC.LT.CeYANG==ANG

XR=ANG*RC (1)

£ o b
AEE R i [l

YRaR(C
IR3R=RC(I)
RETURN
ENC

/FCRY

C

c

C CCMPLTES INCIDENCE ANGLE, REFLECTANCE, AND TRANSPITTAMNCE
C NATLRAL LIGHT, ACOITICN OF POLARIZATION COMPONENTS ICAOREC
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SUBRCUTINE CCMP(ANG,RT,TT)

COMMON/ZL INE/ASsBS+CSyXSsYS42S,AC,8C,CC

INCEX OF REFRACTICN, TX, INTERNAL TRANSNITTANCE
CATA XN, TX/1.549092/

Ax=AS*AC-BS#*BC-CS*CC

IF(ABS(A) GTosls)A=1a

ANG=ACQOS(A)

ANGP= ASIN(SIN(ANG)/XN)

CA=CCS{ANG)

SA=SIN(ANG)

SI=SQRT(XN*#2-SA%#2)
RO=(((CA-S1)/7(CA+SL) )82+ ((CAS(XNS#2)-SL)I/(CAS(XN#32)45]1))082)/2,
T0=z(1,~RCI%CA/CCS(ANGP)

CA=zCCS{ANGP)

SA=SINCANGP)

S1aSQRT(XN*#7~SA%32)
RIS(((CA=SY)I/(CA+S1)) %24+ ((CAR(XN®22)=S1)/(CAS(XN#22)451))%82)/2,
TIis(1.-R1)*CA/CCS{ANG)
TTaTC*#TI*TX/({1le-(RI*TX)*%2)

RTY=RC4RI*TY

RETULRN

ENC

C CCMPLTES ARCSIN

FUNCTION ASIN(X)

ys=X

AX=ABS(Y)

IF(AX.GE.14C) GG TO 4
ACsATANCY/SCRT(le~Y%Y))
ASIN=AC

RETLRN

IF(AX.GE.1.CCCl) GO TC 10
ASIN=1.5707%
IF(YelTeCo)ASIN==ASIN
RETURN

WRITE(L411)X

STCP

FCRMAT(BHERRCR * 323HARCSIN ARGUMEMNT oGTele s6HANC = ,EL16.8)
END

FUNCTION ACCS(X)

y=X

AX=ABS(Y)
IF(AX.GE.1,C)IGCTO 4
IF{Y.EQeCs)GCTC 3
AC=ATANCSQRT(1eC-Y*®Y)/Y)
IF(YLTeCo)GCTC 2
ACCS=AC

RETURN

ACCS=AC*3,1415626

RETURN

ACCS=1.57C€76¢3

RETURN
IF(AX,GE.).CCOC1)GOTO 1O
AC=C,

GCIC 1
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10 WRITE(1,11)0X

STCP ARCCOSL¢€
11 FCRMAT(BHERRCR # ,23HARCCOS ARGLMENT .GTele 6HANC = ,E16,.8) ARCOOS1S
ENC
/FCRT
c
c

C CRAKRS GRAPHIC PICTLRE OF CANOPY IN 3 FOLC LAYOUT
SUBRQUTINE ORNCN
COMMON/GAREA/ICFIL(6C00)
COMMON/CAN/NT ¢NB yNC oAP 4NAJNC oAV (100),PXV{100,8),PYV{100,8),PZV (100
Qe8)
COMMCN/NORM/AXN(1CO) yAYN(1CC) 4AZN(100)
COMMON/PILCT/XCyYGC 20
COMMON/FACT/SX
SX=2,122
WRITE(1,558)
998 FORMAT{2X,'CCNSOLE NO 1y TURN OMN')
PALSE
CALL GIN(&CCC)
IXa{Y0-5,%2)85X410C,
1¥=(20-111,52)%5%x+1C0,
CALL GBEG(1,IXe1Y)
CALL EMARK
IV (X04104,)#SX+433,44
CALL GCPY(24141X,1YV)
IX2(20~111.52)%5X4690,42
CALL GBEG(3,IX,1Y)
CALL ETIC
NE=3
CO 10 I=1,NO
C ENTITY IS CANCPY SURFACE=-=FENCE OR TRANSPARANT
QSs~-AXN(I)
QF=s=AYN(I)
QT=+AZN(])
IXs(PYV(1,1)=545)%SX+1C0.
IF((IeLEJNCoANDQSelTo00)eORe (1eGTaNCoANCLCSeGTo06))GOTO 2
C SURFACE FACES VIEWER FROM SIDE VIEW
IVa(P2V(1,1)=111.52)25%X+1C0.
NEsNE+¢]
CALL GBEG(NE,IX,1Y}
IF(I.LE.NCICALL GPUT(3,13Cy1,2)
IFCILEQ.NAICALL GPUT(3,130,1,2)
CALL LINS{(I)
2 CONTINUE
IV2(PXV(1,41)¢104,)8S5X4433,44
IF((IoLECNCoANDoQTolTe00)eORe {1 eGToNCaAND.QTGT.0,))GOTO 3
C SURFACE FACES VIEWER '‘FROM TOP VIEMW
NEsNE+1
CALL GBEGINE IX,1V)
IF(ILLELNCICALL GPUT(3,130,1,2)
IF(IEQeNAICALL GPUT(3,130,1,2)
CALL LINT{I)
3 CONTINUE
IFC{IeLEoNCoANDQF e LTo0¢) eORe (1 eGToNCoANCoGFoGT04))GOTO 10
C SURFACE FACES VIEWER FROM FROAY VIEMW
IX2(PIV(I41)-111.52)%8X+690,42
NEaNE+1
CALL GBEG(NE IX,1Y)
IF(IJLEJNC)ICALL GPUT(3,130,1,2)
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ot

IF(I.EQ.NAJCALL GPUT(3,13C,1,2)
CALL LINF(I)
1C CONTINUE
CO0 20 I=1,NE
CALL GECN{I)
20 CONTINUE
CALL GSTARY

RETURN
ENC
/F0RTY
C
c

C MARK EYE POSITICN IN CANOQOPY
SUBROLTINE EPMARK
CALL GPUT(69504=1C,4~5)
CALL GPUT(7,70,40,10)
CALL GPUT(8,50410,~-5)
CALL GPUT(9,4704=7,-10)
CALL GPUT(1C,5C,0,20)

RETURN
END
IFORT
C
c

SUBROUTINE ETIC

CALL GPUT(6970+04~5)
CALL GPUT(7,50,0,10)
CALL GPUT(8,704=54~5)
CALL GPUT(S,50,10,0)

RETURN
ENC
/FORY
C
c

SUBROUTINE LINS(I)
COMMON/CAN/NT 4NB oNC oy NP yNAJAC oAV {100) ,PXV(100,8),PYV(100,8),PZV(100
Qy8)

COMMON/FACT/SX
CALL GPUTI(3,13Ce2,0)
NKsNV(I)
CO 10 K=1,NK
KlaKel
IF{KEJLNK) Kl=l
IXs(PYY(IK1)=PYV(I,K))*S]2
IVa(PZV(1,K1)=P2V(],K))#*S)
CALL GPUT{K+5,53,1IXx,1Y)

10 CONTINUE
RETURN
ENC

/FORY

SUBROUTINE LINF(1)

COMMON/CAN/NT ¢NBoNC o NP yNAADyAV(100) 4PXV(100,8),FYV(100,8),P2V(100
Q,8)

COMMON/FACT/SX

CALL GPUT(3,130,42,0)

NK=NV(I)

£0 10 K=1,NK

KlsKel
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/FORT

10

/FORY

C
C

IF (K EQ.NK) Kl=]
IXa (PZV(I,K1)=P2V(I,K))#SX
IY=(PXV(I,K1)=PXV(I,K))#SX
CALL GPUT(K45,53,1X,7Y)
CONT INUE

RETURN

END

SUBROUTINE LINT(I)

COMMON/CAN/NT ¢NBo¢NC NP yNA (AD¢AV{100) ,PXV{100,8),PYV(100,8),PZV(100
Q.8)

COMMON/FACT/SX

CALL GPUT(3,13042,0)
NK=NV(I)

D0 10 K=1,4NK

KlsK+¢l

IF(KEQeNK) K1s]
IXs(PYV(I4K1)=PYV(IK))®S])
1Vs(PXVII 4 K1 )=PXVIIHK) )*SX
CALL GPUT{K45,5341IXy1Y)
CONTINUE

RETURN

ENC

C ORAWS PERPECTIVE OF CANOPY ANC ENTRY ANC REFLECTION POINTS PILOT EYE

C PCSITION

SUBRCUTINE PERP(IES)
COMMON/GAREA/IDFIL(6000)
COMMON/PER /ND ¢NS(50) 4PXS(50,20) ,PYS150,20),P25(50,20)
OATA AXeBX9CX/1069549512./

CALL TRSOC

CALL GIN(eéCCO)

IXE=CX

1YE=CX

CALL GBEG(1,4IXE,IYE)

CALL ETIC

CALL GEON(])

NE=2

IX=10

€O 10 I=1,ND

NKsNSET)

IF(IKeGT4€é) CALL GBEGINEIXE,IVE)
IK=¢

00 5 K=1l,NK

Kl=Kel

IF(K.EQ.NK) K1sl

C CHECK EDGES FCR HIDDEN LINES

CALL CLIPLIUIK,I4K,4K1)
S CONVINUE

IF(IK<EQ.¢) GC TO 10

CALL GEONI(INE)

NE=NE+]

10 CONTINUE

IF(IES.EQ.C) GO TC 21
CALL GBEGINE+1,IXE,IVE)
CALL GPUT(5,176C,Cy.FALSE.)
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IF(IES.EQ.2) CALL GPLT(5,1750,0,0)
CALL POINTUIES)
CALL GECN(NE+1)

21 CALL GSTARY

RETURN
END
/FORY
c
c

C CCNVERTS OBJECT COORDINATES TO OISPLAY COORCINATES , REMOVES LINES BEMIND
C VIEWERy SURFACES OLTSIDE.VIEWING BOX, SURFACES NOT FACING VIEMER
SUBROLTINE TRSOC
COMMON/CAN/NT ¢NB oNC 9NP¢NASACD4AV(100),PXVI100,8),PYV{100,8),PZV(10
QC, 8)
COMMON/NCORM/AXN(L1CO) yAYNIL1CO) 4AZN(L100)
COMMON/PILCT/X0,YCy20
COMMON/LINE/X1Y1 921 o4%29Y2+229X39Y3,23
COMMON/PER/ND 4NS(50) 4PXS(50:20) 4PYS(50420),4P25(50,20)
DIMENSION XxS(1C0,8),Y5(100,8):25(100,8)

%‘ CATA "8,100050/

by ND=1

23 NSS=NB+1

i CO 10 I=NSS,ANPD

it IF(1.EQ.NAIGCTC 1C

= QuAXNII)SIPXVIT,1)=XO0)+AYN(I) (PYV(Io1)=YO)+AZN{I)S(PZVilo1)=20)
b IF(QeGTe0a1GCTO 10

B . C SURFACE FACES VIEWER

& KNaNV(D)

i 00 2 K=1,KN
R CALL PLACIPXVII oK) oPYVII oK) :PIV(1 oK) o XSINDoK)yYSIADsK)oZSINDK))
C CONVERTED T0 VIEWER COORCINATES
2 CONTINUE
KD=0
IXp=0
IXN=0
12pP=0
1ZN=0
DO 5 K=l,KN
KlaK+l
IF(K.EQ.KN} Klsl
IF(VS(ND'K).LT.OO.ANDOYS‘“D'K".LT.OO' Go TO 5
IF(YS(ND K)ol Te00sORYSINDyK1)oLTo0.) GO TO 2
X1sXS(ND,K)
Y1aVYS(ND,K)
21=ZS(ND+K)
Q=1
GO TC 4
3 CONTINUE
CALL INTEP(XS(NDoK)  VS(NDsKV 2S(NDgK) o XS{NCyK1)9YS(NCoK1)y2SIND,K]
Ch)eQ)
C SURFACE EDGE EXTENDING BEWIND VIEWER TRINMMED
4 KD=XD+1
PXS{ND,XKD)=x]1®A/(Y]1%B)
PYS(NO,KD)==1,/Y1
PZS(NDeKD)=21%A/(Y1%8)
CALL TESTI(PXS(NDsKD) qPZS(ND+KD) JIXP,IXN,IZP,IZN)
C POSITIVE PCOINT CR CROSSING LINE FROM BEHIND
IF(Q.GT.0s) GO YO S
KD=KD+1
PXS(NDXD)=sX2%A/(YV2%8)
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PYS(NDyKD)}==1,/Y2
PIS(NDoKD)=22%A/(Vv2%8)

C LEAC PGINT FOR LINE CROSSING FROM IN FRONT

CALL TEST(PXS(NDsKD) yPZS(ND+KD) o IXPoIXN,IZPy12N)

C VERTEX CONVERTED TG DISPLAY VIEWBOX COORCINATES

CONTINUE
IF(KD.EQ.C) GC T0 10

C SURFACE NOT BEHIND VIEWER

IF(IXPoGEeKDsOR IXNeGEoKDeORe IZP.GE.KDeORLIZN,GELKC)} GO TO 10

C SURFACE PARTIALLY CR COMPLETELY WITHIN VIEW BOX

10

/FORT

NS{ND)=KD
NO=ND+1
CONTINUE
ND=ND-1
RETURN
ENC

SUBRCUTINE PCINT{IES)

DATA AXyBX4CX/10095¢9%512./

CALL GETDEVILUN,*FINKAH®*,10)

CALL SEEK(LLN,C)

READ(LUNINVARC

CALL SEEK({LUNoNVWC)

REAC(LUNINVN

IK=§

DC 20 Isl,NVh

READ(LUN)IALV A2V oASP yBSPCSPoIP o XPoYPoZP,AIPBIFP,CIP,ARP,BRP,CRP,
QReISeXR9YRGZR oAl 981 ¢CI1 4ARyBRyCR,T
IF(IES.EQ.1) GO TC 30

GO0 T0 40

20 CONTINUE

CALL DEVT(LULN,0,0)
RETURN

C ENTRENCE POINTS FOR EXTERNAL RAYS
30 CONTINUE

CALL PLACIXRoYR(ZRPX,PY,4P2)

IF(PY.LE.Cs) GC TC 20

XXsPXSAX/(PYSBX)

LILsPLSAX/(PYSBX)
FFCABSIXX)eGTelaoCR.ABS(27)4GTele) GO TO 20
IXsXX8CXeCX

JYS2Z8CX+CX

GALL GPUT(IK,43,IX, 1Y)

IKsIKe}

GO 10 20

C PRIMARY REFLECTICN POINTS
4C CONTINUE

CALL PLACUIXP,YP,ZPPX,PY,PZ)
IF(PY.LE.C.) GC TC 20
XXsPXSAX/tPY*BX)
Z2sPLsAX/(PYSBX)
FF(ABS{XX)eGToaleeORABS(22).GY.1.) GO TO 20
IX=XX$CX+CX

IVsZ2%CX¢CX

CALL GPUTUIK,1C041X=4,0)
CALL GPUT(IK+1,11C,1Y=4,0)
1C==ALOG1C(T)

IC=IC+176
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/FORT
C
C
C DEY
C ALL

CALL GPUT(IK+¢2,90,IC,0}
IK2IK+3

6C 10 20

ENC

ERMINES VISIBLE PORTION OF ECGE fY REMOVING HICCEN LINE
CONSTRAINT SURFACES CONVEX

SUBRQUTINE CLIPL(IK IV,KV4KV])
COMMON/LINE/AV)BVCVoXVoYV,2V4AC,8BC,CC
COMMON/PER/ND4NS{150) 4PXS(5C,420) 4PYS(50,20),P25(50,20)
COMMON/ORAW/NSC 4RV 4ROV(10) 4RFV(10)

CATA CX/5124/

XYsPXS{IV,KV)

YV=PYS{T1V,KV)

ZV3PZS(IV,KV)
RVaSQRT((PXS(IVKVLI=XV) #9424 (PYSIIV KVL)=YVI324(FIS(IV,KV]1)=2V)*»*
Q2)

AV=(PXS{IVyKV1)=XV)/RYV

BYs{PYS{IV,KV1)=YV)/RYV

CVs(PZS(IVyKV]1)=ZV)/RY

RO=0.

RFsRY

CALL CHKS(“..O.QCQQROwRF,

CALL CHKS(le9Ges0eoRO4RF

CALL CHKS{Ce ¢0esleyRO4RF)

CALL CHKS‘O.QO.Q"Q'RO'RF)

IF(RF<LT.RC) RETURN

C ECGE CHECKED AGAINST VIEWBOX

NSC=1
ROV{1)=RO

RFV(1)=RF

CO 10 I=i,ND
IF(IV.EQ.I) GO TO 10

C FIND APPARANTY INTERSECTION POINT OF EDGES

1SC=0

KNaNS(T)

00 5 K=1,KN

Kl=Kel

IF(K.EQ.KN) Kl=1
XEtPXS(l'K)
YE=PYS(I,X)
ZEPZS(1,4K)
REsSQRTU(PXS(IgKLI~XEI##24 (PYS{I o K1)~YE) 324 (P2S(I,K1)=ZE)082)
AEs(PAS(14K]1)=XE)/RE
BE=({PYS(1,K]}=YE)/RE
CE=(PZS(I,K1)=2€)/RE
Q=AE*CV~AVSCE
IF(Q.EQeCe) GO TO 5

€ EDGES NOT PARALLEL

RIVS(CE®{XV=XE)~AE*(2ZV=-ZE)})/Q
IF(AE.EQ.Ce) GC TC 2
RIE={XV-XE+AVSRIV)/AE

GO T0 3

CONTINUE
RIE={2ZV=-ZE+CV*RIVI/CE

3 CONTINUE

YIE=YE+BE#RIE
YIv=YV4BVRRIY
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IF(YIELGT.YIY)GOTC 5

€ CCNSTRAINT EDGE IN FRONT OF TEST EDGE
IF(RIE«GTe0+s.ANDLRIZESLT.RE) GO TO 7

5 CONTINUE

IFLISC.LT.2) GO TC 10
IF(ROLToCo e AND.RF.GTRV) RETLRA

C TEST EDGE NCT rICOEN BEHIND CONSTRAINT SURFACE
IF(ROGT«RV.ORRFLTLCe) GO TC 10

C TEST EDGE PARTIALLY BLOCKED 8Y CONSTRAINT SURFACE
CALL CKLIN(RC,RF)
IFINSC.EQ.0) RETURN

60 70 10
)2 7 CONTINUE
i : C CONSTRAINY EDGE LOCATED
- 1SC=1SCe)
5 IF(ISC.EQ.1) R1=RIV
o IF(ISC.EQe2) CALL ORDLN(R1RIV,RO,RF)
9 GO 70 5
£, 10 CONTINUE
&

C VISIBLE PORTICN CF EDGE REMAINS
CO 20 I=1,NSC
e RO=ROV(I)
i RFaRFY(I)
b XSaXVERO®AY
5 2SaTVeRLACY
- KFaXVORESAY
=3 TFaZVARFACY
B IXS={XS+1.)8CX
s 12S=(25¢1.)8CX
IXF=(XF+)o)eCK
IZF=(ZFel,)oCX
CALL GPUTIIK1CCo1XS,0)
CALL GPUY(IK+1,110,125,0)
10%= IXF=1XS
1D2+12ZF-125
CALL GPUT(IK+2,53,10X,102)
IKs1Ke3
20 CONVINUE
RETURN
ENC
/FORY
¢
C CONVERTS OBJECT SPACE COORDINATES INTO EYE SPACE COORCINATES
C PILOT EYE DIRECTED IN V-2 PLANE OF AIRCRAFT COORCINATES AND 5-DEGREES
g C ABOVE NEGATIVE Y-AXIS
- SUBROLTINE PLAC(PXV,PYV,P2V,PX,PY,PZ)
: COMMON/¢ ILCT/X0,Y0,20
- COMNON/ANG /AN 48N
= CATA P1/3.14155/
AN2=AN®P; /180,
BN1=8NSPI /120,
PXs(PXV=XC)SSIN(BNL)=1PYV-YC) #COS(BN1)
PYs -(PXY=XC)ISCCS (BNL)ISSIA(ANL)=iPYV=YO) SSINCENL) ¢S INCANL )= (PZV-20)
QeCOS{ANL)
PZ==(PXV=X0)*COSLBNL)*COS (ANL )= (PYY=YO) SSIN(ENL)COS(ANL) +(PZV-20)
QeSINCANL)
RETURN
ENC
7FORT

SRIES
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TEST SL2FACE VERTEX FOR POSITIOMN OUTSICE VIEWBOX
SUBROUTINE TEST(X ZoIXPyIXN»I2P,IZN)
IF(XeGTele) IXP=IXP+]

IF(XelTe=1e ) IXNSIXNS]
IF(Z.6Tels) IZP"ZP’I
IF(ZLTe=1.,)1ZN=1IN+]

RETURN
ENC
/FORY
C
C

C CALCULATES INTERSECTICN POINT FOR LINE WITH PLANE NORMAL TO Y-AXIS -
SUBROUTINE INTEP(X1oV19Z1iX2,Y¥2,22,8) g
COPMON/ULINE/XS9YSo2ZSoXFoYF42F4XCyVC,y2C
CATA Y0/1./

RaSQRT(IXT=X2)3%2+(Y]1=Y2) %24 (21=22)982)
A= (X2=-%1)/R

Bs{Y¥2=Y1)/R

C=(22-11)/R

IF(B.EQ.Cs) RETLRM

C ECGE NCT PARALLEL TO PLANE
YIsY(Q
RIs{YI-Y1)/8
Xi=X14A®R]

Lls21¢COR]
IF(B.LT.Cs) GO TO 3

C LIHE ORIGINATES BENINC VIEWER
XS=xX1
¥S=vl
ISl
XFsX2 ,
YF=Y2 ;
2Fa22 !
RETURN

3 CONTINUE

C LINE ORIGINATES IN FRCNY OF VIEWER
XSsxl
YSayl
18=11
XF=aX1 ;
YF=v] §
IFs2}

A RETURN /
ENC

JFORY

C

c

€ CHECKS EDGE AGAINSTY VIEWING BOX SIDE
SUBROUTINE CHKS(AN,BN,CN,RORF)

COMMON/LINE/AV4BVoCVeXV,3YVo2V9ACyBCHCC
XN==AN

YN=-8N

IN==-CN

Q=AVE*ANSBVSBN+CVECN

IF(Q.EQ.C.) GC 10 5
RI=s{(XN=XV)SANS(YN=-YV)SBNE(ZA-2V)®CA)/Q
IF(Q.LE.Q.) GO TO 3

C ECGE DIRECTED INTO VIEWBOX FRCFM OUTSIDE

R bl 23 b

e
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IF{R1.GT,RC) RC=RI
RETURN
3 CONTINUE
C EOGE OIRECTED OLT OF VIEWBOX FROM INSIDE
IF{IRI.LT.RF) RF=RI

RETURN
5 CONTINUE
C EDGE PARALLEL TC SIDE
IF(ABS(XV)aGTaleaORsABS(2ZV)oGTele) RF=RO-1.
. RETURN
END
/FORY
c
C
C ORDER EDGE INTERSECTION POINTS ACCORDING TO LOW ANC FIGH VALUES
SUBROUTINE ORDLN(R1,R2,RO4RF}
RO=R1
RFsR2
IF(R1.LT.R2) RETURN
RO=R2
RF=R1
RETURN
ENC
/FORT
C
C

C CHECKED PARTIALLY BLOCKED LINE FOR VISIBLE SEGMENTS
SUBROGUTINE CKLIN(R1,R2)
COMMON/DRAN/NSCoRV,ROV(10) yRFV(10)
OIMENSION RO(10)4RF(10)
IF(R1.6Te0eeAND.R2.LT.RV) GO TO 20

C VERTEX OF TESY EDGE BEHIND CONSTRAINT SURFACE
IF(R2.GT.RV) GO T0 5

C LOW END OF EDGE HIDDEN
RVO=R2
RVF=RY
60 70 10

C HIGH END OF EOGE HIDDEN

5 CONTINUE
RYC=0,
RVF=R1

; 10 CONTINUE

i 00 12 Is1,NSC

Y RO(I)=ROV(I)

RF(I)=RFV(])
IF(RFV(I)LE.RVO) RF(1)==},
IF(ROV(I)oLT4RVO) RO(I)=RVO
IF(RFVII).GT.RVF) RF(I)=RVF
lF'ROV(l’oG‘.RVF, RF(1)s=1,
12 CONTINUE
GO 10 30
C CONSTRAINT SURFACE SEPARATES EDGE INTO TWO VISIBLE ENCS
20 CONTINUE
RVC=R1
RVF=R2
K=0
€O 22 I=1,NSC
KaKe+l
RO(K)=RCV(I)
RF(K)=RFV({I)

(ST
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IF(RFVII)}GT.RVO.AND.RFV{I)}.LT.RVF) RF(K)=RVO
IF(ROV(I)eGToRVO.ANDSRFV(I)LT.RVF) RF(K)==],
IF(RFV(I)GT.RVF.AND.ROV(I).LT.RVO) GO TO 27
IF(RFV(1)eGT<RVF.AND.ROV(I}oGToRVO.AND,ROV(I)}.LTRVF) RO(K)=RVF

22 CONTINUE
NSC=K
G0 710 3¢

27 CONTINUE
RF (K )=RV(
K=K+l
RO(K)=RYF
RF(K)=RFVI(I])
GO 10 22

C ARRANGE REMAINING VISIBLE SEGPENTS

30 CONTINUE
NK=0
DO 32 I=1,NSC
IFIRF(I).LELCs) GC TO 32
NKsNK+1
ROVINK)}=RC(1)
RFVINK)=RF(])

32 CONTINUE
NSC=NK
RETURN
ENC

/FORTY

SUBROUTINE PERC(IA,IB)
COMMON/ANG /AN BN
AN=1A
BN=18
CALL READF
CALL PERP(1)
PAUSE
CALL GS31(1)
PAUSE
CALL PERP(2)
PALSE
CALL GS31{1)
PAUSE
RETURN
END

/FORTY

c

c

C ORANWS GRAPHIC PICTLRE OF CANQOPY LAYOUT AND ENTRY, PRIMARY REFLECTION POINTS

SUBROUTINE ORWCP(IE,IR)
COMMON/FACT/SX

CALL ORWCFINE, IX1,1Y1,1Y2,1X3)
CALL GBEG(NE+1l,.IX1,41Y1)
CALL GPUT(54176C+04.FALSE.)
CALL GBEG(NE+2,IX1,1Y1)
CALL GPUT(S5,1750,C,0)

CALL GREGINE+3,IX1,1Y2)
CALL GPUT(5,176C+CyoFALSE.)
CALL GBEGI(NE+4,1IX1,1Y2)
CALL GPUT(5,175C,C,0)

CALL GBEG(NE+5,1X3,1Yv2)
CALL GPUT(%,176C4CyoFALSE,)
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CALL GBEG(NE+6,IX3,1Y2)

CALL GPUT(5,1750,C,0)

IKP=¢

IKR=6

CALL GETODEV(LUN,'FINKAH®,10)
CALL SEEK(LLN,C)
READ(LUNINVRC

CALL SEEK{LUNGNVHWO)
READILUNINVY

00 20 I=1,NVH

. READILUNJIALV sA2V  ASP 4BSP CSP 1P o XPoYPoZPoAIP,RIP,CIP+ARP,BRP,CRP,
QR ISeXReYRYZRgAI 481 4CI sARyBR,CR,T
IF(ISeEQeJECANDSIPL.EQ.IRIGOTO 30
20 CONTINUE

CALL DEVTI(LUN,GC,0)

PAUSE

CALL GS3l(1)

PAUSE

RETURN

C ENTRENCE POINTS FOR EXTERNAL RAYS AND REFLECTION POINTS TO PILOY®'S EVE
30 CONTINUE

ICs=-ALOGICI(T)

ICslC+176

CALL GENT(NE+1l)
IXR=(YR=3¢&, )¢ SX
IVR=(ZR=1C6.408)* SN

CALL GPUT(IKR 43,1%XR,IYR)
IXPa{YP=36.)8S5X
IVPs({ZP=~1Cb6.48)%SX

CALL GENT(NE+2)

CALL GPUT(IKP4100,1XP=4,0)
CALL GPUT(IKP+14110,1YP=4,0)
CALL GPUTI(IKP¢2,9C,1C40)
CALL GENTI(NE+3)
IYRa{XR¢121.44)85)

CALL GPUT(IKR 443,IXR,IVYR)
IVP=(XP¢121.44)0SX

CALL GENT(NE+4)

CALL GPUT(IKP,100,1XP=4,0)
CALL GPUT(IKP41,110,1YP=4,0)
CALL GPUT(IXP42,90,1C,0)
IXRs{ZR*15.51)#SX

CALL GENTINE+S)

CALL GPUT(IKR 43, IXR,IYR)
IXP=(2P41%.91)08SX

CALL GENT(INE+6)

CALL GPUTLIKP4100,1XP=4,0)
CALL GPUT(IXP¢1,110,1YP=4,0)
CALL GPUT(IKP®2,90,1C,40)

IKR=JKR¢1
IKP= JKPe3
60 10 20
END

JFORY

C

C

C DRANS GRAPHIC PICTULRE OF CANOPY LAYOUT AND ENTRY OR PRIMARY REFLECTION POINTS
C ON ALL SURFACES

SUBROUTIENE DRWCT(IE)

COMMON/FACT/SX

;

R
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CALL DRMCF(NE IX1l,1Y1l,1Y2,1X3)
CALL GBEG(NE+1,IX1,1Y1)
CALL GPUT(5,176C4CyoeFALSE.)
IF(IE.EQ.2)CALL GPUT(5,1750,0,0)
CALL GBEG(NE+2,1IX1,1Vv2)
CALL GPUT(S,1T76C,0eoFALSE.)
IF(IE.EQ.2)CALL GPLT(5,175C,0,0)
CALL GBEG(NE+3,IX3,1v2)
CALL GPUT(5,17€04CyoFALSE.)
IF(IEEQ.2)CALL GPUT(5,1750,0,0)
IXKP=6
IKR=§
CALL GETDEV(LUN,*FINKAH',10)
CALL SEEK(LUN,0)
REAC(LUN)INVRC
CALL SEEK{(LULNJNVWC)
READ(LUN)INVM
00 20 I=1,Nvh
REAC(LUN)ALV, A2V ASP ¢BSPCSPoIP o XPoVYP4ZPoAIPBIPCIPyARPL,EBRP,CRP,
QReISoXR¢YRoZR¢AI 9Bl sCIl ¢ARyBRyCR,T
IF{IE.EQ.2)GCTO 3C
GO 10 40
<0 CONTINUE
CALL DEVT(LUN,0,0)
PALSE
CALL GS31(1)
PLUSE
RETURN
C PRIMARY REFLECTICN POINTS TO PILOT'S EVE
30 CONTINUE
IC==~ALOGIOLT)
IC=1C+17¢
CALL GENT(NE+]1)
IXP=(YP~36.)%*SX
IYP=({ZP-1C6.48)*SX
CALL GPUT(IKP100,IXP=4,0)
CALL GPUT(IKP*1,110,1VYP=4,0)
CALL GPUT(IKP¢2,9C,41C,0)
CALL GENT(NE+2)
IYP=(XP+121.44)8SX
CALL GPUT(IKP,100,I1XP=4,0)
CALL GPUT({IKP+1,110,1YP=4,0)
CALL GPUT(IKP#2,9C,1C,0)
IXP=({ZP415,51)2SX
CALL GENT(NE+3)
CALL GPUT(IKP,100,IXP=4,0)
CALL GPUT(IKPe¢l,110,1YP=4,0)
CALL GPUT(IKP+2,9C,1C,0)
IKP=KP¢3
60 Y0 2¢
C ENTRENCE POINTS FOR EXTERNAL RAYS
4C CONTINUE
IXR={YR=36,)#SX
IYR=(ZR=-1C6,48)#%SX
CALL GENT(NE+1)
CALL GPUT(IKR43,IXR,IYR)
IRz {XR+121.44)%5X
CALL GENT(NE+2)
CALL GPUT(IKR43,IXR,IYR)
IXR=(ZR+15.,G1)#SX
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CALL GENT(NE+3)
CALL GPUT(IKR,43,IXR,IYR)
IKR=IKR+]
GO 70 20
ENC
/FORT
c
c
C DRARS GRAPHIC PICTURE OF CANOPY FRAME LAYOUT
. SUBROUTINE DRWCF(NE,IX1,1Y1,1Y2,IX3)
COMMON/GAREA/IDFIL(8C00)
COMMON7/CAN/NT ¢NByNC oNPyNA JND oAV (1001 ,PXV(100,8),PYV(100,8),PZV(100
Qe8)
COMMON/NORNM/AXN(100) yAYN(1CO) 4AZN(100)
COMMON/PILOT/XC,YC,20
COMMCN/FACT/SX
SX=4.66
CALL READF
CALL GIN(ECCC)
IX12(Y0=36,)%SX
1Y12(20-1C6.48)*SX
CALL GBEG(1,IX1,IY1)
CALL EMARK
1V2=(X0+4121.44)*SX
CALL GCPY(2,141X1,1Y2)
IX32(20415.51)%SX
CALL GBEG(3,IX3,1Y2)
CALL ETIC
NE=3
NS=NC+1
00 10 I=NS,ND
IF(1.LE.NB)GCTC 10
C ENTITY IS CANCPY SURFACE
QS==AXN(I)
QF==AYN(I)
QV=+AZN(I)
IXs(PYV(I,o1)=36.)8SX
IF{QS.6T.C.)GOTO 2
C SURFACE FACES VIEWER FROM SIDE VIEW
IV {PIV(I,1)=106448)#SX
NEsNE+1
CALL GBEG(NE,IX,1V)
IF(1.EQNAICALL GPUT(3,130,1,2)
CALL LINS(I)
2 CONTINUE
IV (PXV(TI,1)4121.44) 85X
IF(QT«GT.0.,)GOT0 3
C SURFACE FACES VIEWER FROM TOP VIEW
NEaNE+1
CALL GBEG{INE,IX,1Y)
IF(1EQeNAICALL GPUT(3,130,1,2)
CALL LINT(I)
3 CONTINUE
IF(QF.GT.C.)GOTO 10
C SURFACE FACES VIEWER FROM FRONT VIEW
IXs(PZV(I,1)+15.91)#SX
NEsNE+]
CALL GBEGINE,IX,IY)
IF(1.EQ.NAICALL GPUT(3,130,1,2)
CALL LINF(I)

SRR ARAS S R TR RS
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1C CONTINUE

RETURN

ENC

AAH CANCPY DATA
NUMBER CF VERTICESy SLRFACES=--CONSTRAINT, FLAT, AND CYLINCRICAL

1€¢ 1¢ 5¢ <8 59 64
NC. VERTICES PER SURFACE
4 4 4 4 4 4 4
4 4 4 4 4 4 4
4 4 4 4 4 4 4
4 4 4 4 4 4 4
VERTICE ASSIGNEO TC EACH SURFACE
€9 Se 66 121 125 129 133
1 2 3 4 ? 1 5
11¢ 35 3¢ 111 38 39 38
€1 &9 94 $3 1€0 99 98
117 114 115 122 126 130 134
2 3 4 5 14 7 4
1Cs 3¢ 37 112 39 38 111
€2 $C 89 5S4 95 1¢0 99
114 115 119 123 127 131 130
9 1cC 11 12 12 5 3
35 43 44 44 46 34 109
é3 (2. 65 70 1 76 15
9C €¢ 65 124 128 132 129
8 9 10 11 5 2 2
42 42 43 37 45 33 34
€4 és 10 €9 16 75 74
0 C c c (1] 0 0
¢ 0 0 0 0 0 0
c C c 0 Q 0 0
0 C C 0 Y] () 0
C 0 Y 0 0 0 0
0 Q 0 0 0 0 0
0 0 c 0 0 0 Y
Q 0 c 0 0 0 0
c 0 0 0 0 0 0
c 0 c 0 0 0 0
0 0 o 0 0 0 0
0 c ¢ 0 0 0 0
0 0 C 0 0 0 0
0 0 C 0 0 0 0
C 0 c 0 (1] 0 0
G 0 C 0 0 0 0
C VERTICE X~POSITICN
2.CC 2.0C 2.C0 2.00
-2.0C -2.00 ‘ZQCO '2.00
14.2¢ 12.9¢C 11.20 14.76
-13.3C -13.24 -15.96 =17.96
19.43 19.62 11.46 11.46
-19.63 ~11.4¢ ~11.46 -11.4¢8
14.22 13.1¢ 11.24 14,78
=13.3C -13.28 -15.96 =17.96
23.C¢ 20.92 18.C8 13,72
13.CC 15.1¢ 16436 22.84
13.6C ‘13.60 ‘9020 9.20
-23.C¢8 -20.92 -18,08 -13.72
-13.CC -15.16 -16436 ~22.84
-13.,2¢ ~16.63 =-12.C0 12.00
’23075 -4, 4o 23.75

SV
L R I WP

135 139
12 11
109 40
8T 17
136 140
14 12
111 41
98 78
137 14l

37 45
7« 19
138 142

36 46
88 80

W

CO0O0OO0O0O0OO0O0OOOOWMOOO
[~N-N-N-N-N-R-N-N-N- NN NN

2,00
-2.00
17.42

8.50
11.46

"9-63
17.50

8.56
22.72
16.72
10.56

-22.72
19.63
13.26
-4
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COO0COOOWMOOOCOOO
o

108

2000
~-2.00
~-18.00
-11.50
19.632
=15.63
-‘1u9°
~11.48
23,28
-16.72
-10.56
-22,28
13426
=11.46
23,75

5 S
7 7
7 7
6 6
149 153
28 22
53 47
68 71
150 154
27 21
52 48
69 72
151 166
26 24
51 49
70 13
152 155
25 25
50 50
65 T4
165 156
24 ry
49 51
66 15
0 0
23 21
48 52
67 16
0 o
22 28
47 53
0 0
0 0
0 0
0 0
0 ]
200
19.06
‘11.60
-12,04
19,63
19.16
-‘7060
~12.14
23.20
-14.28
~11.56
-23,20
11.46
13,26
4.

[ VI 3 3

32
60
94
158
n
59
93
159

160

[-X-N-N-N- N

‘2.00
18,70
=13.84
9.00
-19.63
18.84
~14,C0
9.16
13.60
14.28
11.58%
-13.60
-11.48
~11.46
23.78

O~ >

127
29
54

1¢0

136

1]
59
162
k)|
56
98
161

57
91

se
9¢

39
95

[- X N-X-N-N-X-N-

P N W

148
3
61
8

148

64
L]
162
106

X3
-

164

[ ]
» a» O e
[ X X ¥ W)

»

OOBOOROOOOADAD




24,
26,
61.
‘610
24.
61,

C VERTICE
57.5C
57.5C
83.4¢
86,58
98.45

103.49
142.%4
146.0C
59.,2C
139.65
69.517
$9.20
139.69
115.52
57.5
59.2
186461
180,61
189.61
214,61
198,61
C VERTICE
131.81
138,.¢¢
145.2¢
148,54
129.2C
148.CC
164.2¢
167.¢4
129.05
179.28
156,72
129.08
1719.2¢8
152.%4
144,2
124.12
142,52
111,52
132.52
147.92
111.52
€ CYLINDRI1
3
2 2
€0 €l
€2 €13
64
‘8‘01‘
84,74
Ce
C PILOY EY

36
104.
67.¢
-6746
46,
61l.
Y-POSITICN
57.5C
68,217
86468
38.18
103.4S
100.92
146.CC
157.52
56.2C
156497
69,51
5%.2C
156497
115.52
Se5
6542
19i.61
18C.61
189.61
214461
224461
1-POSITION
138.¢6
146027
148.54
148,08
148.CC
157.58
16764
167.68
141 .41
179.24
156.72
1641.41
179.24
152.54
129.1
124,12
140.52
111.52
132.52
147.92
132,52
CAL DATA

1

135.89
135,89
l46.86

E POSITION

36.
104.
-104,
‘6706
56.
'610

68.37
71.57
98.18
98,66
100.92
11C.92
157.52
158.40
7C.14
156.97
108,01
70.14
156,97
113.01
5.5
132.61
226461
191.61
180.61
214.61
198.6

146.27
141.77
148.08
136.54
157.58
166,51
167.68
156420
154.80
176440
175.15
154.80
176.C0
175.79
129.1

124.12
14C.52
140652
111.52
17852
111.52

130.93
13C.93
55.317

24,
26.
-26.
-6,
22.
~-é1l,

71.57
5e.98
58.66
96424
110.92
115.61
156,40
156.32
108,42
140,09
108.01
108.42
140.09
113,01
57.5
158.6
236461
186.61
180461
214.61
224461

141.77
133.97
136.54
127.96
160451
160.88
156420
147.54
172.40
150,80
175.15
172.40
150.8C
175.79
14442

124.12
142,52
142,52
111.52
178.52
132.52

«0
1.

59

115.61
121.40
156.32
148.00
110.90
58.30
112.13
110.90
115.52
103.49
5.5
6542
186.61
236,61
214.61
198.61
214,61

133.97
133,97
127.96
118.61
160.88
139.20
147.54
137.86
150.68
143.52
177.93
150.68
152.54
148,00
122.1

124.12
132.12
142.52
147.92
181.52
157.92

+9805
«9805
-0

=24,
104.
-104.
‘2‘0
10.
S6.

58.98
60.30
84.66
87.48
121.40
121.50
144,26
148.00
69.78
58,30
112.13
69,78
115.52
103.49
57.%
59.2
191.61
226.61
214,61
198,61
214.61

133,97
132.83
128.40
118,61
139.20
129.20
147.56
137.86
130.85
143,52
177.93
130.85
152.54
148.00
127.05
124.12
132.92
140.52
147.92
181.52
157.92

«1968
«1968
«0

-24.
67.6
~104.
‘22.
10.

6030
84,66
82.92
97.56
121.50
144,26
142,52
156466
116.49
67.18
145.44
116.49
114.82
121.40
5.8
158,.6
189.61
191.61
214.61
198.61

132.83
128.40
130.34
156.00
129.20
147.56
149.40
175.68
146,36
154.40
182.12
146.36
159.03
139.20
122.1

124.12
132.52
132.92
178.52
221.52

108.98
108.98
127.63

57.50
82.92
83.4%
97.56
98.43%
142.52
162.54
156.6%
113.25
67.1¢%
145.44
113,25
114.82
121.40
57.5
132.61
189.61
186.6}
214.61
198,61

131.81
130,34
145.26
156.00
129.20
149.40
164,28
175,68
174.59
154.40
182.12
174.59
159.03
139.20
127.05
124.12
132.52
132.12
178.52
221.52



=1.5 1424323 171.2
C CC~PILCY EYE PCSITION
~1.5 83.04 152.14

60

N A I A RS

28

&

7




